Objective: to compare amino acid concentrations in healthy and malnourished elderly patients Method: plasma amino acid concentrations were examined in 24 men and women (80-100 years of age) with protein energy malnutrition (PEM) and compared with those of 44 healthy, similarly-aged controls. Plasma samples were determined by using cation exchange columns with ninhydrin detection in an high performance liquid chromatography system. Results: essential amino acid and non-essential amino acid plasma concentrations were significantly decreased in PEM (0.01 < P < 0.0001). Branched-chain amino acids and urea cycle amino acid plasma concentrations fell significantly (P < 0.0001). Plasma concentrations of alanine and glutamic acid + glutamine were also significantly reduced (P < 0.0001). Conclusions: in underweight elderly patients, the plasma amino acid pattern reflects the severity of the metabolic disturbance.
Introduction
The plasma amino acid pattern has been studied in healthy patients of different ages [1] [2] [3] [4] [5] [6] [7] , but few studies provide information about very elderly people [8] [9] [10] [11] . Protein energy malnutrition (PEM) occurs in about 50% of hospitalized old people. Both qualitative and quantitative changes in circulating amino acid concentrations have been reported in PEM. Factors affecting the concentration and the pattern of plasma amino acids include the amount and composition of dietary protein, muscle protein metabolism and the labile protein reserve in various tissues, particularly in the liver.
PEM has two main causes: a decrease in nutrient intake and an increase in catabolic reactions Q.e. a hypermetabolic state). In old patients both may be present at the same time or they may occur successively in a short time as a consequence of multiple pathology.
Decrease in food intake leads to a rise in gluconeogenesis. Hypermetabolic states, associated with infections and inflammatory diseases, turn protein anabolism towards acute phase protein synthesis in the liver, while anabolism of the whole organism is disturbed. Increases in catabolic reactions affect muscle protein [12] and provide phenylalanine, tyrosine and methionine -the branched-chain amino acids [13] [14] [15] , which are released without muscle metabolism-glutamine (a regulator of muscle protein turnover [16] and an essential nutrient for cells of the immune [17] and intestinal systems [18] ) and alanine, an important amino acid in gluconeogenesis.
We report an investigation into the plasma free amino acid pattern of healthy normal weight aged controls (80-100 years old) and elderly underweight people with PEM (80-100 years old).
Subjects and methods

Subjects
The 68 subjects investigated form two groups.
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The first group comprises 44 control patients (20 men 84.5 ± 2.7 years old, 24 women 85.4 ± 3-2 years old), admitted to the geriatric unit of the MontpellierNimes University Hospital Centre. Selection was on the basis of benign disease without renal, hepatic or metabolic disorder, presenting symptoms being falls, loss of consciousness, immobility and psychiatric problems. Their clinical state and nutritional status were good. Nutritional status was determined using a food intake questionnaire. (Protein intake was in line with the recommendations of the NAS-NRC [19] and Young's published data [20] .)
The second group comprises 24 elderly patients with PEM (10 men 86 ± 5 years old, 14 women 88.4 ± 5 years old) hospitalized in the same unit. Nine of these patients had anorexia with pure weight loss. Fifteen had anorexia and weight loss associated with underlying illness (e.g. cancer, pneumonia, Parkinsonism, dementia and the stress of recent surgery). Anthropometric and biological data were collected on admission, before beginning parenteral feeding.
Anthropometric measurements
The following anthropometric measurements were performed on all 68 subjects.
Weight and height/body mass index (BMI)
BMI was expressed as weight (kg)/height (m 2 ) [21] . In bed-ridden patients, height is determined using Chumlea's formula [22] Mid-arm circumference (MAC) [21] Patients with malnutrition have MAC < 24.4 cm (men) and <23.1 cm (women).
Body weight as a percentage of ideal weight (IBW)
This is determined using the weight . Plasma amino acid profiles were performed on venous blood samples obtained in heparin-treated tubes, early in the morning, after an overnight fast.
Plasma samples were determined using cationexchange columns with ninhydrin detection in an high performance liquid chromatography system (model 6300, Beckman Instruments) with glucosaminic acid as internal standard.
Clinical data
Clinical features were extracted from medical files. Weight and information about the patients' functional abilities (mobility, continence, communication and appetite) were assessed and recorded by the nursing staff using a specially designed form. Assessment of malnutrition risk was recorded.
Statistical analysis
Statistical analysis was performed by means of the PC Statistical Analysis System (SAS Institute Inc.). For a comparison of quantitative variables (such as anthropometric and biological data) between the two groups (patients with PEM and control patients), Student's West was used when the distribution variable was normal. Otherwise, the Kruskal-Wallis test was used.
Log transformation normalized the distribution of all serum amino acid variables except for citrulline, hemicystine, histidine and arginine. Untransformed data were used for arginine and hemicystine. Square root transformation normalized the distribution of citrulline and histidine.
Quantitative variables were evaluated by use of analysis of variance on both factors (2x2 factorial design), with a hypothesis of no interaction between gender and malnutrition. When a significant gender/ malnutrition interaction was observed, sex effects were examined separately from malnutrition.
Correlations between serum amino acid concentrations and anthropometric or biological data were examined using Spearman's correlation coefficient. Significance levels were set when P < 0.05. Table 1 summarizes the nutritional status of the 68 elderly patients. Weight, BMI, MAC, IBW, albumin and prealbumin in plasma and lymphocyte total in blood are significantly decreased in patients with PEM compared with healthy aged patients.
Results
The median and range values for the 5th and 95th percentiles of all measured amino acids in each group are presented in Table 2 .
Data showed intergender differences only for serine, proline, citrulline and ornithine. For these four amino acids a significant gender/malnutrition interaction was observed and gender effects were examined separately from malnutrition. There was a significant decrease in plasma serine, proline, citrulline and ornithine concentrations in men with PEM. No sex-related patterns could be identified for the other amino acids, hence data for male and female subjects are pooled in Table 3 Statistically significant differences were observed in many amino acids in patients with PEM (Table 3) . These patients had significantly lower plasma concentrations of most essential amino acids (isoleucine, leucine, lysine, threonine and valine); the exceptions being methionine and phenylalanine.
A similar decreasing trend was observed for nonessential amino acids alanine, arginine, citrulline, glutamine + glutamic acid, histidine, omithine, proline, serine and taurine, whereas other non-essential amino acids displayed no significant decrease.
In addition, branched-chain amino acids such as leucine, isoleucine, valine and urea cycle amino acids (ornithine, citrulline, arginine) showed a significant decrease (P < 0.001).
There was no correlation between the concentrations of amino acids and anthropometric parameters.
Discussion
To determine whether our observations are due primarily to malnutrition or to concurrent illnesses, we have subdivided our patients with PEM into two groups: those with pure weight loss and anorexia and those with weight loss and anorexia associated with concurrent illnesses. No difference was found (Kraskal-Wallis test) between the two groups for any anthropometric and biological variable. Even in those with concurrent illnesses, the prominent clinical picture was of severe PEM. All anthropometric parameters and further amino acid concentrations confirm the chronic and severe state of malnutrition in our patients. Such undernutrition may lead to death if not rapidly corrected [20] . In our study, five out of 24 patients died in spite of parenteral feeding. Despite severe malnutrition, 19 patients •were capable of taking food if they were given it by either nasogastric or parenteral feeding: two patients went home and 17 to old people's homes.
Our data on plasma amino acid concentrations reflect previous data obtained in malnutrition [24] [25] [26] [27] .
There is a decreased plasma concentration of most essential amino acids. A reduced food intake and prolonged protein deprivation affect essential amino acid profiles and particularly branched-chain amino acid levels, since those amino acids are ingested with food intake.
There are variable plasma levels of non-essential amino acids. Patients with PEM showed low concentrations of ornithine, histidine, glutamine and glutamic acid (which have intricate pathways), urea cycle amino acids and alanine. The decrease in plasma alanine concentration (33%) may be because alanine, which is a transamination product of pyruvate, is released by muscle before being processed by the liver into gluconeogenesis. This suggests that in elderly patients with PEM, decreases in urea cycle amino acids are of prime importance. Arginine is the precursor of urea and an important factor in albumin synthesis. This relationship between urea cycle amino acids and albumin synthesis may explain the positive correlation found between urea cycle amino acids and albumin concentrations in elderly patients with PEM (r = 0.55, P< 0.001, n = 53).
We did not find any significant decrease in plasma concentrations of aromatic amino acids. This is in Table 2 . Plasma amino acid levels in agreement with the results observed in kwashiorkor [28, 29] . Some authors have suggested that phenylalanine hydroxylase activity is reduced in PEM, resulting in decrease in plasma tyrosine relative to plasma phenylalanine [27, [30] [31] [32] . Our data show no evidence of this. These amino acids are involved in brain neurotransmitter systems, including the synthesis of dopamine, adrenaline and noradrenaline. Plasma precursors of biogenic amines in the central nervous system may be unaffected by PEM. We agree with Martinez [10] that there is no increase in aromatic amino acid plasma concentrations in elderly patients with idiopathic anorexia.
Levels of nearly all essential amino acids and some non-essential amino acids are very low. In a previous study [33] , we have shown that some amino acid plasma concentrations (citrulline, hemicystine, histidine, glutamine + glutamic acid, lysine, ornithine and phenylalanine) are higher in elderly patients (80-100 years old) than in younger healthy subjects (20-45 years old). With ageing, especially when associated with PEM, the ability to respond successfully to an inadequate diet or other stressful conditions is reduced. This may explain why mobilization of amino acids from peripheral tissues is decreased.
This study illustrates the effect of ageing and PEM on plasma amino acid concentrations. Interpretation of plasma amino acid concentrations in PEM is not easy. Amino acids are in constant state of flux between the body protein pools. Approximately 2-3% of the total body protein pool turns over daily [34] , and circulating free amino acids represent only 0.01% [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . Also, measurements of plasma amino acid concentrations are one point in a dynamic process and cannot be used to draw conclusions about the dynamics of protein metabolism. Furthermore, cellular levels may differ from plasma concentrations. The ratio between intracellular and extracellular amino acid concentrations may vary among individuals, according to age, sex, hormones [4-20-28] and diet. The adaptation to chronic low protein intake in elderly patients with PEM merits further investigation.
Key points
• little is known about plasma or tissue amino acid concentrations in older people.
• We have obtained an amino acid profile in malnourished patients over 80 and an age-matched control group of ideal body weight.
• Plasma amino acid concentrations are affected by intercurrent illness as well as malnutrition.
• hi protein energy malnutrition, concentrations of both essential and non-essential amino acids are low and reflect the severity of the metabolic disturbance.
